Case 2
An otherwise fit 55 year old woman gave a 20 year history of recurrent episodic pain and swelling in her right knee and left shoulder occurring once or twice a year. Each episode lasted one to two weeks, but between episodes she was asymptomatic. There was no family history of joint disease. General and locomotor examination was unremarkable. Radiographs taken five years previously by a general physician showed widespread chondrocalcinosis (fig 2) but at that time no other investigations had been performed. A rheumatology opinion was sought because of increasing frequency of the episodes. On referral to our unit aspiration of her currently asymptomatic right knee confirmed CPPD crystals. A limited biochemical screen was performed, which revealed persistent hypomagnesaemia of 0.46-0.50 mmol/l (0.7-1.0). The patient was normotensive and had a normal serum potassium. There was no history of diuretic use. Twenty four hour urinary electrolyte analysis revealed a magnesium of 1.86 mmol/l (3.0-4.2), potassium of 47 mmol/l (40-120), calcium of 2.5 mmol/l (2.5-7.5), phosphate of 19.7 mmol/l (15-50), and creatinine of 6.3 mmol/l (7.5-12.5). The urinary magnesium concentration was inappropriately high compared with the serum concentration, in keeping with isolated renal wasting of magnesium. A diagnosis of hypomagnesaemia resulting from an isolated renal tubular defect was made. The patient was given oral magnesium carbonate supplementation and the serum concentrations improved to 0.6 mmol/l (0.7-1.0) with a concurrent reduction in the frequency of episodes of pseudogout. All screened family members had normal magnesium values.
Discussion
The metabolism of inorganic pyrophosphate (PPi) and mechanism of CPPD crystal formation is complex and not fully understood. PPi is a by product of multiple intracellular biosynthetic reactions 1 with nucleoside triphosphates (NTP) the major substrates. PPi cannot passively cross membranes (being a phosphate ester), however, chondrocytes possess ectoenzymes (as NTP pyrophosphatase), which convert leaked NTP to nucleosides and extracellular PPi. Extracellular PPi is then complexed with magnesium and rapidly processed to orthophosphate (Pi) by pyrophosphatases, principally alkaline phosphatase (fig 3) . CPPD crystal formation is influenced both by a high ionic product (Ca 2+ x PPi) and 'tissue factors' (promotors or inhibitors) relating to crystal nucleation and growth. Increased synovial fluid concentrations of PPi occur in asymptomatic knees of patients with untreated, haemochromatosis, hypomagnesaemia, and hyperparathyroidism 2 supporting an influence on PPi metabolism and an increased ionic product. The postulated mechanisms of CPPD crystal formation in haemochromatosis and hypomagnesaemia are shown in figure 3 . Both conditions result in high PPi values.
There are two common clinical manifestations of CPPD crystal deposition disease: (1) chronic pyrophosphate arthropathy, characterised by structural abnormalities of osteoarthritis with CPPD deposition; and (2) pseudogout-acute synovitis associated with intra-articular CPPD deposition. The target site for both is usually the knee but compared with 'primary' osteoarthritis, chronic pyrophosphate arthropathy may involve atypical sites such as the wrist, shoulders, and ankles.
CPPD deposition is most commonly sporadic, with a female preponderance and increasing association with age. Chondrocalcinosis caused by CPPD is a common asymptomatic radiographic manifestation in the elderly. CPPD commonly also occurs in association with osteoarthritis (chronic pyrophosphate arthropathy). However, rare familial forms of CPPD, with or without structural change, are described 3 and genetic linkage to a locus on chromosome 5p has been identified in one family. 4 CPPD deposition may also rarely result from underlying metabolic abnormalities such as hyperparathyroidism, haemochromatosis, hypophosphatasia, hypomagnesaemia, Wilsons disease, and hypothyroidism. [5] [6] [7] [8] [9] [10] Although monoarticular CPPD may occur in the context of joint damage (for example, after menisectomy), CPPD, especially florid polyarticular CPPD, is rare under age 55 in the absence of metabolic or familial predisposition.
In both the patients we describe, CPPD crystal associated arthropathy was the presenting manifestation of a metabolic abnormality. The first patient presented with chronic arthropathy, the second with recurrent attacks of pseudogout. Symptomatic arthropathy is a well recognised presenting feature of haemochromatosis 11 and chondrocalcinosis occurs in 15-30% of screened patients. 7 Although the arthropathy is similar to that of idiopathic pyrophosphate arthropathy, it may be suggested by its early onset, predominant involvement of MCP joints, 'hook-like' radial osteophytes, absence of scapho-lunate dissociation, juxta-articular osteopenia, and the presence of ring cysts. Rapid subchondral attrition of the femoral head is also characteristic (fig 1) . Haemochromatosis is caused by a recessive gene on chromosome 6 close to the HLA-A locus, 12 leading to iron retention. (1) and hypomagnesaemia (2) 
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Figure 3 Metabolism of PPi and formation of CPPD crystals in haemochromatosis
Calcium pyrophosphate crystal deposition
Homozygosity for haemochromatosis in the white population occurs in 3 to 5 persons per 1000 and the carrier frequency is 1 in 10 to 1 in 15. 13 14 Early detection and treatment with phlebotomy, as in our patient, can prevent premature death from complications of chronic liver disease, hepatocellular carcinoma, or heart failure. 15 The arthropathy, however, does not usually improve and damage to the synovial membrane and cartilage seems to be permanent. 11 Screening of asymptomatic family members is important as life threatening complications can be avoided by institution of appropriate treatment.
The second patient had a less common abnormality of magnesium metabolism caused by an isolated renal tubular defect. 9 Correction of the metabolic abnormality in this case reduced the frequency of pseudogout attacks. In this instance, screening of family members did not uncover asymptomatic aVected persons.
The lesson +In patients with young onset (< 55 years) CPPD deposition, especially polyarticular chondrocalcinosis or atypical osteoarthritis, familial and metabolic predisposition should be considered. +An appropriate biochemical screen should include: serum calcium, alkaline phosphatase, magnesium, ferritin, and thyroid function tests. +Screening of family members may be indicated if haemochromatosis, hypomagnesaemia or hypophosphatasia are confirmed.
